I
ntravenous thrombolysis (IVT) with tPA (tissue-type plasminogen activator) is the cornerstone of acute ischemic stroke therapy. 1 However, IVT is underused in certain patient populations, including ethnic minorities, women, patients from low-income neighborhoods, and those covered by Medicare or Medicaid. [2] [3] [4] An estimated 18% of adults in the United States have a mental illness within a given year. 5 Patients with comorbid psychiatric disease are vulnerable to inequities in treatment for a range of conditions, 6 and excess mortality in adults with severe mental illness is primarily attributable to nonpsychiatric diseases, including cardio-and cerebrovascular disease. 7 Stroke patients with comorbid psychiatric disease are significantly less likely to receive cerebrovascular arteriography and carotid endarterectomy and are more likely to be rehospitalized or die within 6 months of a stroke, compared with those without psychiatric disease. 8, 9 In the present study, we aimed to determine whether the presence of comorbid psychiatric disease is associated with lower IVT utilization in a representative sample of US adults presenting with ischemic stroke. Understanding barriers to IVT use in these patients may inform future interventions aimed at improving outcomes in stroke patients with psychiatric disease.
Methods

Data Source
Data were obtained from the Nationwide Inpatient Sample (NIS). The NIS is the largest all-payer inpatient database in the United States, representing all discharges from a 20% stratified sample of nonfederal US hospitals. NIS data are deidentified and are available per request to the Agency for Healthcare Research and Quality (http:// www.hcup-us.ahrq.gov). This study was exempt from institutional review board approval.
codes. 2 Patients admitted electively or enrolled in a clinical trial were excluded. Patients transferred in from another hospital were excluded to prevent duplicate records. Records missing information on age, sex, race/ethnicity, income, key hospital characteristics, or insurance status were also excluded. Finally, we excluded patients who received IVT later than day one of their hospital stay and those missing data for the day of IVT administration.
The primary exposure of interest was the presence of comorbid psychiatric disease, as identified by ICD-9-CM codes for secondary diagnoses of schizophrenia or other psychoses, bipolar disorder, depression, or anxiety (Table I in the online-only Data Supplement). The outcome of interest was IVT administration, as identified by ICD-9-CM code 99.10.
Comorbidity/Severity Adjustment
Comorbidities were measured using a modified Charlson comorbidity index. 4, 10 Because substance abuse may be associated with laboratory abnormalities (such as coagulopathy and thrombocytopenia), refractory hypertension, and other potential contraindications to IVT, it was included as a covariate in our models rather than considered part of the primary exposure of interest. Substance abuse was defined using ICD-9-CM codes (Table II in the online-only Data Supplement). The All Patient Refined-Diagnosis-Related Groups were used to classify the patient's degree of loss of function as described previously. 
Statistical Analysis
Demographic, clinical, and hospital characteristics were compared between those with and without psychiatric disease using χ2 for categorical variables and Wilcoxon rank-sum tests for continuous variables. Logistic regression was used to test the association between IVT and presence of a psychiatric comorbidity. Multivariable models accounted for the stratified cluster design of the NIS and were adjusted for patient demographics (age, sex, race/ethnicity, primary expected payer, and median household income in patient's ZIP Code), hospital characteristics (region, location, teaching status, bed size, and annual stroke case volume), admission year, weekend admission, and clinical characteristics (modified Charlson comorbidity index, All Patient Refined-Diagnosis-Related Group, diabetes mellitus, coronary artery disease, hypertension, hypercholesterolemia, atrial fibrillation, valvular disease, peripheral vascular disorders, renal failure, obesity, coagulopathy, anemia, thrombocytopenia, and substance abuse). In addition, we analyzed the association between each psychiatric diagnosis and IVT use separately, controlling for the other psychiatric comorbidities. Potential interactions between psychiatric comorbidity and race/ethnicity, and between psychiatric comorbidity and sex, were explored. Statistical analyses were conducted using Stata version 14 (College Station, TX). Statistically significant results were defined as P<0.05, with 95% confidence intervals (CIs) reported.
Results
Sample Characteristics
Of the 325 009 cases that met inclusion criteria ( Figure I in the online-only Data Supplement), 41 510 (12.8%) had any of the 4 psychiatric comorbidities of interest. The median age among patients with and without psychiatric comorbidities was 72 (interquartile range, 59-82) and 74 years (interquartile range, 62-83), respectively. Other demographic, clinical, and hospital characteristics of the study population are presented in Table III in the online-only Data Supplement.
Comorbid Psychiatric Disease Is Associated With Lower Odds of IVT
IVT was administered in 4.4% of stroke patients without psychiatric disease (95% CI, 4.2%-4.7%) and 3.6% of those with psychiatric disease (95% CI, 3.3%-3.9%; P<0.001). In univariate analysis, the presence of any of the 4 psychiatric comorbidities was associated with significantly lower odds of receiving IVT (Table) . In the fully adjusted logistic regression model, the presence of any psychiatric comorbidity was associated with 20% lower odds of receiving IVT (odds ratio, 0.80; 95% CI, 0.76-0.85; Table; Figure) . When evaluating the association between IVT use and individual psychiatric diagnoses, comorbid schizophrenia or other psychoses, depression, and anxiety were each independently associated with reduced odds of IVT (Table; Figure) . The association between bipolar disorder and IVT did not reach statistical significance.
Interactions between psychiatric comorbidity and sex, and between psychiatric comorbidity and race/ethnicity, were explored. The adjusted odds of IVT in patients with, compared with without, psychiatric comorbidity was similar in women (odds ratio, 0.78; 95% CI, 0.72-0.84) compared with men (odds ratio, 0.84; 95% CI, 0.77-0.91; P interaction=0.151). Similarly, there was no significant interaction between psychiatric comorbidity and race (P interaction=0.873).
Discussion
In this study, acute stroke patients with comorbid psychiatric disease had significantly lower odds of receiving IVT. Moreover, when analyzed separately, schizophrenia or other psychoses, 
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anxiety, and depression were each associated with significantly lower odds of IVT. The effect size of the observed differences in IVT use associated with psychiatric disease is comparable to disparities in IVT use that have been demonstrated in other vulnerable stroke patients, such as racial minorities. 2 Patients with schizophrenia or psychoses were less likely to receive IVT than those with anxiety or depression. This finding is consistent with reports suggesting that schizophrenia is one of the leading contributors to disability globally and may be the psychiatric disease associated with the greatest impairment.
11
Our analysis did not enable us to formally investigate reasons for the observed differences in IVT use; however, both patient and provider characteristics may explain the differences observed in our study. Psychiatric disease is associated with inadequate social support, 12 which may result in delayed hospital presentation, either because of delayed symptom recognition or delayed activation of Emergency Medical Services. Indeed, stroke patients who live alone are significantly less likely to arrive at the hospital in a timely manner, and less likely to receive IVT, compared with those who do not live alone. 13 Provider attitudes and implicit bias have been shown to influence medical decision-making 14 and may also contribute to lower rates of IVT in patients with mental illness. Moreover, determining eligibility for IVT relies on patient history, and providers might consider stroke patients with psychiatric disease unreliable historians. Faced with diagnostic uncertainty, physicians might be more likely to ascribe stroke symptoms to a preexisting psychiatric disease 15 or a conversion disorder, which may delay stroke diagnosis and preclude consideration of IVT.
Limitations of the study include use of an administrative data set that relies on ICD-9-CM coding and inpatient discharge records. Identification of psychiatric disease using only inpatient diagnosis codes may have missed some patients with psychiatric diagnoses. Furthermore, in our analysis, the presence of a psychiatric comorbidity did not distinguish between active versus remote history of psychiatric disease, and information on disease severity was not available. In addition, NIS does not include information on clinical stroke characteristics, medications, or contraindications to IVT, such as delay in presentation. Lastly, data on provider attitudes and implicit biases were not available. Despite these limitations, our study suggests that acute ischemic stroke patients with psychiatric disease are less likely to receive IVT. Future studies may address the underlying mechanisms of such treatment differences to develop interventions aimed at facilitating equal stroke care for all. 
Sources of Funding
